AIM: Overall and central obesity are associated with disorders in lipid and glucose metabolism, insulin resistance, hypertension, atherosclerosis and type 2 diabetes. Waist circumference and abdominal sagittal diameter have been suggested as the best simple anthropometric indexes of abdominal visceral fat accumulation. The aim of the present study was to test the association of neck circumference with abdominal and general obesity as well as with insulin resistance related factors. METHOD: Neck circumference was measured in addition to the traditional anthropometric measures and blood lipids, insulin and glucose concentrations and blood pressure. RESULTS: The prevalence rates of disorders in lipid or glucose metabolism and high fasting insulin concentrations were highest in the highest quintiles of all the anthropometric measures. CONCLUSION: We conclude that neck circumference is associated with the metabolic disorders related to insulin resistance. The measurement of neck circumference could be useful in clinical screening for persons at an enhanced risk for insulin resistance.
Introduction
Overall and central obesity are associated with disorders in lipid and glucose metabolism and insulin resistance, which may lead to hypertension, atherosclerosis and type 2 diabetes. Waist circumference and abdominal sagittal diameter have been suggested as the best simple anthropometric indexes of abdominal visceral fat accumulation and the related cardiovascular risk in both men and women. 1 Freedman and Rimm 2 showed neck and bust girths to be consistently related to diabetes in women independently of the degree of overweight. Levine et al 3 noticed an association between chubby cheeks and increased visceral fat, showing patients with chubby cheeks to be at a higher risk for the metabolic complications of obesity.
The aim of the present study was to test the association of neck circumference with abdominal and general obesity as well as with insulin resistance-related factors (blood lipids, insulin concentrations, fasting and 2 h post-load glucose in a 75 g oral glucose tolerance test and blood pressure). It is part of a population-based epidemiological follow-up study started in 1990 among persons born in 1935 and living in the City of Oulu in northern Finland. 4 The study protocol was approved by the ethics committee of the University of Oulu. All the participants of the previous study in 1990 (n ¼ 831) were recruited in 1996 -1998, and 593 (71%) participated. Here, we present the results of those for whom all the anthropometric measures were available (n ¼ 541, 217 men).
Neck circumference was measured in addition to the traditional anthropometric measures (height, weight, waist circumference, hip circumference). Neck circumference was measured with a flexible tape in a standardised manner horizontally above the cricothyroid cartilage to 1 mm accuracy. The men and women of the study population were divided into quintiles based on the anthropometric measures (neck circumference, waist circumference, WHR (waist-tohip circumference ratio), BMI (body mass index ¼ weight divided by height squared; n kg=m 2 ). The prevalence rates of disorders in lipid metabolism (low HDL cholesterol ( 1.0 mmol=l in women and 0.9 in men) or high triglyceride ( 1.7 mmol=l) concentrations) or in glucose metabolism (known or newly diagnosed diabetes mellitus or ) and high ( 13 IU=l) fasting insulin concentrations in the quintiles of the anthropometric measures were calculated.
Some characteristics of the study population are presented in Table 1 . Neck circumference correlated strongly with the WHR ratio, waist circumference and BMI (Pearson's r 0.407, 0.647 and 0.689 for men and 0.411, 0.693 and 0.687 for women, respectively, P < 0.0001 in all). The medians of the insulin resistance-related factors increased from the first to the fifth quintile of all the anthropometric measures both for men and for women and the trends were statistically significant. Likewise, the prevalence rates of disorders in lipid and glucose metabolism and high fasting insulin concentrations were highest in the highest quintiles of all the anthropometric measures (Figure 1) . In logistic regression, the odds ratios for glucose impairment in the highest quintile of neck circumference compared to lowest was 4.80 (95% CI 1.59 -14.7) and for hypertension 2.94 (95% CI 1.08 -8.02) for women and 1.34 (95% CI 0.38 -4.80) and 3.21 (95% CI 1.03 -10.0) respectively for men after controlling for BMI. For hyperinsulinemia and lipid disturbance the ORs were not significant either in men or women after controlling for BMI.
We conclude that neck circumference is related to the other anthropometric measures of obesity and fat distribution and it is also associated with the metabolic disorders related to insulin resistance. The measurement of neck circumference could be useful in clinical screening for persons at an enhanced risk for insulin resistance. It is cheap and even easier to perform than the measurement of waist circumference, which may also vary during the day. However, the reproducibility of neck circumference measurements should be studied. The results should be confirmed in other studies with different age groups. Neck circumference and insulin resistance M Laakso et al
